Low level red light treatments prevented dark-induced leaf abscission in mung bean ( Vigna radiata L. Wilczek cv Jumbo) cuttings. The amount of inhibition depended upon the level and length of the light treatment. The red light inhibition could be reversed by a brief exposure of tissue to far-red light.
Although an effect of light on abscission has been indicated for several years (9) , few studies have attempted to define the controlling light variables. Fragmentary information has suggested the important regulatory effects are due to changes in photosynthesis (2, 12) and/or photoperiod (10, 11) . Only recently has Curtis (5, 6 ) implicated phytochrome as a light-sensing mechanism active in inhibition of malformin-induced leaf abscission of mung beans. Data of Brooks (1) and Kadkade et al. (8) have demonstrated red light can retard abscission of apple fruit and flowers. Flower and pod abscission of soybeans are reported to be inhibited by treatment of the plants with red light (7) . However, no studies have detailed the light requirements for regulation of abscission. The effective irradiance level and duration of light necessary for preventing abscission are unknown. Studies on far-red reversibility of red light effects on abscission have been inconclusive (5) . This paper presents a series of experiments quantifying the role of light in the inhibition of dark-induced leaf abscission of mung bean leaves.
MATERIALS AND METHODS
Seedlings of mung beans ( Vigna radiata L. Wilczek cv Jumbo) grown in vermiculite under a constant day/night temperature of 29 ± 2°C and a 16-h light period (PAR level of 65 ,uE m-2 s-') were used in these studies. Experimental plant cuttings, consisting of primary opposite leaves and apical bud attached to 5 cm of stem, were made 8 d after seeding. The cuttings were inserted vertically (cut end down) into 50-ml beakers containing approximately 45 ml of distilled H20 and exposed to light treatments in a controlled environment chamber at the above temperature.
The red and far-red light were generated by placing one or more sheets of colored plastic between the light source and the plant cuttings. For Abscission was quantitatively measured using a version of the recording abscissor described by Craker and Abeles (3) modified to measure a pull force by fastening a paper chromatography clip (Arthur H. Thomas Co.) to the end of the plunger. The clip was clamped onto the distal end of one primary leaf while the other leaf was held stationary by pressing its tip against the edge of the laboratory bench. An increasing tensile stress was placed on the leaf abscission zones by pulling the abscissor away from the held leaf until one of the leaf petioles separated from the stem. The required force for separation represents the break strength of the abscission zone with one measurement per cutting.
RESULTS
Abscission zones on the primary leaves of mung bean cuttings placed in the dark decrease in break strength beginning the 3rd d after initiation of a continuous dark treatment (Fig. 1) . The greatest loss of break strength occurs between the 3rd and 4th d with almost all leaves abscised by the 7th d.
Treatment of cuttings with red light retards the abscission process with the effectiveness of the light in delaying abscission related to the level of irradiance (Fig. 2) . The smallest losses in break strength occurred at the higher irradiance levels tested. An irradiance of 800 mw m-2 almost completely inhibited the abscission process.
At least 12 h of daily light was required to inhibit the darkinduced abscission process in mung beans (Fig. 3) ments for less than 6 h/d had essentially no effect on inhibition of abscission. Red light inhibition of abscission could be reversed by treatment of plant tissue with far-red light (Table I) . Break strength of abscission zones on mung bean cuttings treated with red light for 12 h/d remained high (88% of initial), while break strength in cuttings treated with red light followed by far-red light was reduced to the level of cuttings kept continuously in the dark.
DISCUSSION
Although mung bean cuttings placed in the dark normally initiate leaf abscission within 3 d and almost completely abscised by 7 d, treatment with light inhibits the abscission process. Preliminary examination of various light (blue, green, and red) bands demonstrated the red portion of the spectrum was more influential than any of the other wavelengths tested (data not reported). These results support other investigations where red light has been reported to influence the abscission rate of apple flowers and fruit (1, 8) soybean pods (7), and malformin-treated mung bean leaves (4) (5) (6) .
Response to red light was directly dependent upon the level of irradiance. Almost complete inhibition of abscission was accomplished by treatment of the dark cuttings with 800 mw m-2 of red light while lower levels of irradiance were only partially effective in preventing abscission. Although previous investigations by Curtis (4) using white (fluorescent) and red (peak at 660 nm) light have indicated no effect of irradiance level on abscission in mung beans, those results can be explained by the high irradiance levels used in his experiments (800 and 4200 mw m 2).
Continuous light was not necessary to prevent leaf abscission as red light treatments of 12 to 24 h/d were equally inhibitory to the abscission process. The rapid loss of break strength in abscission zones treated with less than 12 h of light, however, indicated that a definitive light or uninterrupted dark time period was required for inhibition or induction of abscission, respectively.
The inhibition of abscission of mung bean leaves by red light treatment was completely reversed by a brief exposure to far-red light. These results are consistent with a phytochrome-mediated process. Curtis (6) has previously suggested an involvement of phytochrome in light inhibition of malformin-induced leaf abscission of mung bean, but his experiments have failed to demonstrate reversibility of the red light effect by short exposure to far-red light. The long exposure (12 h) to red light required to inhibit abscission can not be explained at this time.
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